The R e l a t i v i s t i c Electron-Beam Experiment i n j e c t o r a t the Los Alamos National Laboratory i s used t o genera t e a 4-MV pulse across an anode-cathode gap. A simple metal photocathode i s i l l u m i n a t e d by a pulsed excimer laser. Time-resolved measurements o f current,' voltage, and c u r r e n t d e n s i t y are made.
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The r e s u l t i n g quantum e f f i c i e n c i e s are being used t o o b t a i n the required l a s e r power f o r a multikiloampere, high-brightness e l e c t r o n gun t o be used as an i n j e c t o r f o r a l i n e a r i n d u c t i o n accelerator.
I n t r o d u c t i o n
I n previous work on the PHERMEX e l e c t r o n gun (Ref.
l ) , i t was found t h a t excimer l a s e r s and simple metal photocathodes could provide a source o f low-emittance e l e c t r o n s f o r i n j e c t i o n i n t o an rf accelerator. This paper describes experiments on t h e R e l a t i v i s t i c Electron-Beam Experiment (REX) machine t o provide scali n g f a c t o r s f o r a high-current photoelectron i n j e c t o r f o r p o t e n t i a l a p p l i c a t i o n t o t h e Dual Axis Radiographic Hydrotest Faci 1 i t y (DARHT) accelerator. A photocathode i n j e c t o r would provide a beam w i t h a much lower effect i v e temperature than t h e v e l v e t cathode p r e s e n t l y i n use (Refs. 2, 3). The l a s e r beam was d i r e c t e d through 8 m o f a i r , through a q u a r t z window a t the entrance o f t h e diagnost i c s chamber, and onto t h e metal cathodes surface (Fig.  1) . The r e s u l t i n g photoelectrons from t h e cathode are then accelerated across a 15-cm anode-cathode (A-K) gap o f the REX accelerator. The area i l l u m i n a t e d on the cathode was changed by p l a c i n g a l e n s i n t h e path o f the l a s e r beam and varying i t s distance t o t h e cathode. The area was measured using Dylux UV photosensitive f i l m . Laser energy was measured w i t h a Gentec ED-500 Joulemeter and was v a r i e d by p l a c i n g 504m-thick quartz f l a t s i n t h e beam. The temporal shape o f t h e l a s e r pulse was measured w i t h a Hamamatsu R1193U vacuum photodiode l o c a t e d a t the quartz window and s e n s i t i v e t o l i g h t r e f l e c t e d from t h e cathode. The.laser was synchronized w i t h the a r r i v a l o f the voltage pulse on the cathode. The REX e l e c t r o n beam c u r r e n t and voltage were measured w i t h a s e r i e s o f probes described i n Ref. 
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S c a I e i n g Results
When photoelectrons are produced a t the cathode, the diode c u r r e n t (Fig. 2) f o l l o w s t h e temporal pulse shape o f t h e l a s e r (Fig. 3) f o r KrF, and from 0.07 -3.5 MW/cm f o r ArF.
The quantum e f f i c i e n c y (QE) was computed f o r various cathode m a t e r i a l s as The l a s e r power d e n s i t y v a r i e d from 0.77 -8.8 MW/cm 2
2
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where J = photoelectron c u r r e n t d e n s i t y i n A/cm 2 , I = i n t e n s i t y o f t h e l a s e r i n W/cm 2 . E = energy per photon i n eV, and
The quantum e f f i c i e n c y must be computed i n the emission-limited region because space charge e f f e c t s reduce apparent e l e c t r o n emission.
A t l a s e r i n t e n s i t i e s o f -1 MW/cm , plasma electrons were formed on the surface o f t h e cathode. These electrons are accelerated across the A-K gap and the temporal shape (Fig. 5) i s d r a m a t i c a l l y d i f f e r e n t from the l a s e r pulse (Fig. 3) . I t was suspected t h a t surface q u a l i t y was the cause o f plasma formation w i t h the aluminum and lead cathodes. However, even when 2 4a.
4b. Fig. 2 . Photocathode E l e c t r o n Beam Current (Idiode). these metals were diamond turned t o a m i r r o r f i n i s h , i t was found t h a t plasma formed on the cathode a t the same l a s e r i n t e n s i t y . This r e s u l t i s i n d i c a t i v e o f surface contamination by a monolayer o f gas t h a t forms a t 
